A new shell model method, called as the Projected Configuration Interaction (PCI), has been established recently. The deformed Slater determinants (SD's) are projected onto good angular momentum and form the PCI basis. Using realistic shell model Hamiltonians, very good approximations, relative to the exact solutions, have been achieved by using a small PCI basis space. Our results have shown that, PCI may provide a promising way to extend the large scale shell model calculations to the heaver nuclear system.
Introduction
The full configuration interaction (CI) method using a spherical single particle (s.p.) basis and realistic Hamiltonians, also known as the nuclear shell model, has been very successful in describing various properties of the lowlying states in light and medium nuclei. The realistic Hamiltonians, such as the USD 1,2 in the sd shell, the KB3, 3 FPD6 4 and GXPF1 5 in the pf shell, have provided a very good base to study various nuclear structure problems microscopically.
However, the main limitations of this method are the exploding dimensions with the increase of the number of valence nucleons and with the increase of the valence space. Although, there are continuous improvements to the CI codes 6, 7 and computational resources, the exploding CI dimensions significantly restrict the ability to investigate heavy nuclei, especially those that exhibit strong collectivity.
The projection techniques, taking full advantage of the nuclear deformation, and recovering symmetries of the intrinsic states, may be efficient in reducing the dimension of the shell model space. The recent history of projection techniques combined with CI particle-hole configurations includes the projected shell model (PSM) 8, 9 and the deformed shell model (DSM) proposed in Ref. 10 Other models using similar techniques includes MONSTER, the family of VAMPIRs, 12 and the quantum Monte Carlo diagonalization (QMCD) method.
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Recently, we have proposed a new method of calculating the lowlying states in heavy nuclei, using many particle-hole configurations of spin-projected Slater determinants built on multiple sets of deformed single-particle orbitals. 14, 15 This projected configuration interaction (PCI) method takes advantage of the inherent mixing induced by the projected Slater determinants of varying deformations with the many particle-hole mixing typical of CI techniques. Having the deformed basis of Slater determinants chosen, one can use standard spin projection techniques to solve the associated eigenvalues problem. The method proved to be very accurate in 0 ω model spaces, such as sd and pf , where one can easily keep track of different deformed orbitals.
This paper presents an introduction of the PCI method. As an example, the PCI calculation of 48 Cr is discussed.
The PCI Method

The Projected Configuration Interaction method
The model Hamiltonian used in CI calculations can be written as:
where, c † i and c i are creation and annihilation operators of the spherical harmonic oscillator, e i and V ijkl are one-body and two-body matrix elements.
One can introduce the deformed single particle (s.p.) basis, which can be obtained from a constraint HF solution, or from the Nilsson s.p. Hamiltonian. 11 The deformed s.p. creation operator is given by the following transformation:
where the matrix elements W ki = ⟨b k |c i ⟩ are real in our calculation. The Slater Determinant (SD) built with the deformed single particle states is given by
where s refers to the Nilsson configuration, indicating the pattern of the occupied orbits, and ϵ is the deformation determined by ϵ 2 and ϵ 4 . The general form of the nuclear wave function is therefore a linear combination of the projected SDs (PSDs), 
where H 
Choice of the PCI Basis
The analysis made in Ref.
14 indicated that one of the most important problems of the PCI method is the proper selection of the PCI basis. As introduced in our previous work, 14,15 the general structure of the PCI basis is
|κ i , 0⟩ (i = 1, ...N ) is a set of starting states. Assuming that we've found these |κ, 0⟩ SDs (We skipped the subscript i to keep notations short.), relative np-nh SDs, |κ, j⟩, on top of each |κ, 0⟩ are selected by using the formula
where E 0 = ⟨κ, 0|H|κ, 0⟩, E j = ⟨κ, j|H|κ, j⟩ and V = ⟨κ, 0|H|κ, j⟩. |κ, 0⟩ SDs need to be properly chosen. We developed a method of how to find those |κ, 0⟩ states. 15 The general idea is to find a set of |κ, 0⟩ so that their S n ,
is as low as possible. Here, λ 1 ,λ 2 ,..., λ n are eigenvalues of the following generalized eigenvalue equation, 
where
Sometimes we calculate the S n by summing over part of the lowest λ i 's, i.e.,
and S n n = S n by definition.
Calculations of 48 Cr
Following the method of Ref.
, 15 we performed a PCI calculation for the Yrast states of 48 Cr. Here, we adopted the KB3 hamiltonian. 3 For all spins, we set N = 15, and E cut = 0.5 keV. The calculated energies, the E2 transition energies and the B(E2) values, comparing with the full shell model results, are shown in Fig. 1 . The PCI dimensions and the energy differences between PCI and SM are listed in Table. 1. It is seen that the PCI results are very close to those of the shell model. All the energy differences are within 100 keV. Such results can be further improved if more Projected SDs are added to the PCI basis. 
Summary
In this paper, the projected configuration interaction (PCI) method has been briefly introduced. This method takes full advantage of the nuclear deformation and provides effective shell model basis truncation. The selected Slater determinants built with deformed single-particle orbitals are projected onto good angular momentum, and taken as PCI basis states. By adopting the realistic shell model hamiltonian, the calculated PCI energies as well as the B(E2) values can be directly compared with the results of the full shell model calculations. As an example, the PCI calculations of the Yrast states in 48 Cr have been done, and excellent approximation with the shell model has been achieved. 
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